Abstract-Surface plasmon waveguides consisting of Au stripes in microfluidic channels are highly suitable as biosensors. They are capable of detecting analyte of mass over a very large dynamic range (cells to proteins) with competitive sensitivity.
Long-range surface plasmon-polaritons (LRSPPs) are propagating plasmon modes that can be excited by TM-polarised light on thin metal slabs or stripes bounded by optically symmetric claddings [1] . Advantageously, the metal stripe (finite-width slab) provides optical confinement in the plane transverse to the direction of propagation, enabling elements such as S-bends, Y-junctions, couplers and Mach-Zehnders and Bragg gratings [2, 3] , which are useful as sensing structures [4] . Furthermore, LRSPPs on a metal stripe can be excited efficiently via butt-coupling to an optical fibre [1] , leading to compact integrated sensing arrangements. LRSPPs are less confined and less surface-sensitive than single-interface SPPs, but they propagate over much longer lengths, enabling sensors that exhibit higher phase shifts and higher overall sensitivity to thin adlayers (e.g., protein layers) [5] . Because of their greater field extension, LRSPPs are also sensitive to large biological objects such as cells which cause strong scattering into radiation. These attributes make LRSPPs very attractive for biosensing because a single platform could be used to detect analyte of mass (dimensions) over a very large range.
Cytop (a fluoropolymer) is of interest as the cladding material in biosensing applications with LRSPPs because its refractive index is close to that of water [6] , and sensing fluids carrying analyte for detection are water-based. Cytop and Teflon (a similar material) have both been used in sensing experiments with LRSPPs on metal slabs in prism-coupled geometries [7, 8] . Cytop has also been used for dielectric waveguide sensors [9] .
LRSPP waveguide sensors consisting of 5 m wide and 20 to 35 nm thick Au stripes and features embedded in Cytop and incorporating flow channels were fabricated [10] . The Cytop claddings were spin-coated and cured, the Au features were defined by metal evaporation and lift-off, and the flow channels were etched into the top cladding down to the Au stripe surface (using Au as the etch stop) [10] . The surface of sensors was functionalised by first forming a self-assembled monolayer of alkane thiols terminated in -COOH. Such a surface promotes the physisorption of proteins (e.g., bovine serum albumin -BSA) and thus can be used as such to demonstrate protein sensing. In order to render the surface sensitive to, e.g., cells (bacteria, blood cells), appropriate antibodies were grafted onto the -COOH group following the EDC/NHS protocol [11] .
Sensors were inserted into a test jig incorporating a flow cell for interconnection to external optical and fluidic components. The sensors were excited at  0 = 1310 nm (the design wavelength) by butt-coupling to a polarisation-maintaining single mode fibre guiding TM-polarised light. The output was collimated by a lens and split into two beams, one captured by an infrared camera for output observation and to assist with alignments, and the other by a large-area optical power meter. Opto-mechanical stages were used to align the input fibre to the sensor. The optical response of a straight waveguide coated with antibodies against type A human red blood cells (RBCs) was measured in real time as type A RBCs in buffer were flowed over the waveguide, after establishing a stable baseline. Upon selective cell binding onto the waveguide, the output optical power decreased by ~ 8 dB relative to the baseline level. The cells were lysed with distilled water and the optical output regenerated by flowing buffer.
The optical response of a straight waveguide coated with -COOH terminated thiol was measured in real time as BSA in buffer flowed over the waveguide after establishing a stable baseline. The output power changed by ~.7 dB relative to the baseline level due to the physisorption of BSA. The baseline fluctuated by ~ 0.01 dB so physisorption of BSA was followed with a ~70:1 signal~to~noise ratio.
In summary, thin narrow Au stripes supporting LRSPPs designed as straight waveguide sensors are compelling as a sensing platform given an ability to sense analyte over a high dynamic range (in mass).
